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Abstract 
The relevance of this article is explained by the increasingly extensive efforts associated with construction and 
reconstruction of buildings and structures having mainly architectural and cultural significance, as well as preserving 
their pristine ambience and integrity for use by future generations. Furthermore, reconstruction helps to serve a range 
of social demands, such as the provision of comfortable and safe living conditions for people. The review of research 
publications shows that wooden structures are the first to lose their load-bearing capacity during the long-term use of 
buildings and structures. Still, the scientific literature mostly features the traditional labor-intensive methods of 
timberwork strengthening that further increase its weight, or the methods of external reinforcing with composite 
tapes. This article, for the first time, discusses the technology of the strengthening timber framing with butterfly-
shaped wooden inserts. Joints between existing rafters and wooden inserts are reinforced with two layers of the 
furniture duct tape and fine composite mesh pressed in between, with the plywood top finishing of the duct tape. The 
experimental studies that were in progress for two years showed that the technology suggested meeting all the 
reliability requirements applicable for timber trusses. As compared to traditional technologies, the suggested solution 
is less labor-intensive and more sparing in terms of the truss weight, as it only adds the weight of furniture duct tape, 
composite mesh and plywood at the joints. This is the applied research, and its outcome can be used not only for 
strengthening of roof timber, but also for reinforcing of wooden inter-floor joists. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Notably, wood, alongside stone and clay, has been used by humankind for thousands of years as construction 
material. It is hard to imagine ancient castles and cathedrals, being a feast for our eyes for many hundreds of years, 
as well as modern buildings, without wooden structures and structural elements. However, woodworks of buildings 
and structures tend to lose their performance properties over time and require replacement or reinforcement, whereas 
other parts sustain reliably. Particular danger is posed by structural parts and knot spots. The analysis delivered by 
some national and foreign studies over the last six years revealed that timberwork is currently reinforced using 
(nano) composite materials, apart from the traditional methods. The studies [1-7] pay special attention to the 
strengthening of timberwork with carbon fiber and fiberglass [8], composite materials [9] used for strengthening of 
multi-material structures, and synthetic resins [10]. Many works are focused on strengthening the structures of 
wooden architectural ensembles to make them endure various natural calamities, which employs traditional work 
approaches as well [11, 12]. It is worth noting that the worldwide practice considers residential reconstruction as a 
form of housing development [13]. Even industrial buildings are reconstructed for use as residential quarters and 
civil works [14, 15], or for temporary accommodation of people after natural disasters. Of special interest are those 
works that highlight, aside from various strengthening technologies, the results of bending and stiffness analysis, 
simulated models and their experimental tests [16-19], by the example of specific timber species [20]. 
The analysis of the related works demonstrates that the issues of timberwork strengthening are globally associated 
with reconstruction and rehabilitation of old buildings and structures [1, 11, 17, 18, 21], as well as improvement of 
performance of industrial and residential premises [15, 22]. Ee find especially interesting the work focused on the 
collapse analysis of timber structures [23].  
Therefore, the relevance of this work stems from the fact that the strengthening of structural components, 
including timber structures, during building construction and reconstruction is helpful in ensuring safety and comfort 
of living for people, as well as in preserving the wooden architectural masterpieces of our ancestors for future 
generators. 
In this regard, the authors of this work are pleased to be the first to suggest the timberwork strengthening method 
comprising both traditional approach and the use of composite materials, which makes this study unique. 
2. Main part 
The practice of strengthening wooden beams mostly relies on the following methods: use of wooden plates on 
two sides, metallic cover plates or bar prosthesis, carbon fiber, wooden or metallic prosthesis on the ends, pieces of 
steel reinforcement and tie rods. However, the above methods, especially those featuring two-side wooden plates, 
metallic cover plates and prosthesis structures, add weight to timberworks. This proves harmful for other structural 
components of buildings: walls and foundations, which in turn require reinforcing by the end of their rated life. 
Further, all buildings settle markedly over time, and in the course of long-term operation their basement part goes 
below the ground. A striking example of the above is the building of All Saints Church at Kulichki in Moscow. The 
lower tier of the building immersed in the land to more than four meters below the surface as the foundation lost its 
load-bearing capacity as a result of man-induced soil changes and various repair and restoration works. The 
strengthening of the foundation of this two-tier building rebuilt from the masonry structure in 1689 helped to level it 
up and imparted its lasting architectural splendor. Extensive one-time outlays are of course justified if aimed at 
prolonging the operation period of construction project lifecycle. Still, the need to reduce related costs should 
always be a priority in making the final decision about strengthening building structures. 
Also, due to constant changes in the ambient temperature and air humidity wood decays affected by fungi, mold 
etc. As such, it is often a fact that timber roof trusses made of natural tile and slate start losing their bearing capacity, 
when the roof materials themselves are still in line with the performance requirements. In these cases, survey is 
conducted to identify the areas where the timber structure requires urgent strengthening. The strengthening 
procedure provides for removal of areas beyond repair: doted, affected by insects, heavily sagging wooden elements 
etc. In order to remove unusable parts, temporary rafters are placed on both sides of the area to be removed, so that 
they could accommodate the loads created by the roof boarding and the roof material itself (figure 1). 
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Fig.1. Temporary bracing to accommodate the load of the existing roof boarding and roof materials: 1 - posts; 2 - beam fastened to posts; 3 - part 
of the existing rafter due for strengthening 
The temporary bracing can be supported by wood posts, or by telescopic struts. Once secured, the defective part 
can be removed and new wooden inserts of suitable size are to be provided for replacement. It is suggested that, 
upon removal, the remaining part of the truss should have V-shaped projections: wedge extensions (figure 2, a). The 
new wooden inserts, instead, should have V-shaped recessions in form of a butterfly (figure 2, b). 
 
  
Fig. 2. Remaining parts of the existing rafter with V-shaped wedge extensions (a) and external view of a wooden insert (b) 
As can be seen from figures 2, a and 2, b, the old and new parts of the wooden rafter are assembled as a puzzle. 
The size of the recessed and projecting V-shaped parts is determined through calculation.  
It is known that timber items and works decolorize and darken with time. This is why an important task at this 
stage is to treat the old parts of timber trusses. Considering that the strengthening provides for removal of parts 
affected by 'biological growth' and thus losing their carrying capacity, the most suitable among recent technologies 
of renovation of darkened wood are those offering renovating compounds. They are not only helpful in restoring the 
wood texture, but also work as preservatives. 
This way, before the wooden insert is put in place, the V-shaped projections on both parts of the existing rafter 
and the V-shaped recessions of the wooden insert are treated with a suitable epoxy adhesive depending on the timber 
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species and the air temperature in the premises where the work is performed. The insert is fitted sidewise into the 
recession of the existing rafter by tapping it with a rubber hammer (figure 3, a). This is followed by the second step 
(figure 3, b) consisting in wrapping (securing) joints with furniture duct tape on all sides.  
 
Fig. 3. Putting the wooden insert in place (a) and preliminary securing of joints with furniture duct tape (b) 
Then, the surface of the duct tape, preheated with the use of a construction dryer, is wrapped with composite 
mesh and, for the second time, with duct tape (figure 4, ɚ). The last step of strengthening the wooden rafter using the 
technology suggested is gluing pieces of plywood to the visible areas of the duct tape (figure 4, b). 
  
Fig. 4. Wrapping with composite mesh and final securing with furniture duct tape (ɚ) and gluing plywood (b) 
3.  Experiments 
This technology is proven by experiments to suit for roofs made of ceramic tiles and asbestos cement sheets. In 
the first case, the strengthening technology fully coincides with the description above. In the second case, 
considering that the weight of asbestos cement sheets is lesser than the weight of ceramic tiles, the composite mesh 
was additionally secured on both sides and from below. A prefabricated ɉ-shaped plywood box of appropriate size 
was glued to the duct tape from below. The temporary telescopic struts and rafters were dismantled in seven days. 
Additional weights were used to apply load to the areas of joints in order to check their strength. The observations 
conducted for two years showed that the proposed technology is feasible, justified and entirely suitable for use in the 
strengthening of timber trusses. 
After completion of the experimental studies, the above described technology was used in the engineering 
drawings for repair of the roofs of buildings: Nos. 113, 115, 117, 119 on Lenina Avenue, No. 6 on Aeroportovskaya 
Street and No. 77 on Universitetskiy Avenue in Volgograd. These buildings are attributed to cultural heritage. 
4. 4.Conclusion 
The strengthening of timberwork envisages the use of traditional and innovative methods, as well as integrated 
approaches using wooden inserts and composite materials. The proposed technology makes the strengthening effort 
utmost cost-effective as it allows strengthening rafters after surveying and identifying defective areas without 
removal of the roof top material and boarding. The versatility of the use and the applied importance of this 
technology rely on its suitability for strengthening other timber works, in particular, floor beams and girders. 
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